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Abstracts / Osteoarthritis and Cartilage 23 (2015) A82eA416 A289monitoring of chondrocyte MT function in whole cartilage, and offers
the opportunity to test drugs to prevent/reverse MT dysfunction after
cartilage trauma.
Fig. 1. Experimental design. For the example microrespirometry plate
layout, Hi ¼ high impact, Lo ¼ low impact, C ¼ no impact, L ¼ left limb R ¼
right limb, BC ¼ background [O2] correction wells.
Fig 2. Respirometry in injured cartilage. Data represents OCR over time.
A) Impacted cartilage from the PFG ( ¼ low impact, ¼ high impact)
display lower basal OCRs (0-30 min) than controls () and an altered
response after addition of oligomycin (O), FCCP (F), and rotenone/anti-
mycin A (RþA). B) The same trends occur in the condyle (B) but basal
OCRs are higher. ¼ control, ¼ low impact,  ¼ high impact.  ¼ back-
ground [O2] correction data.
Fig 3. Cartilage injury results in MT depolarization and cell death.
Confocal images of (A) control and (B) impacted cartilage stained with
MitoTracker Green (green; all MT), TMRM (red; polarized MT only) and
Hoechst 33342 (blue; nuclei). Green-only stained MT with increased
uptake of nuclear stain indicates compromised integrity of both the cell
and MT membranes. Calcein AM/ethidium homodimer (green/red; live/
dead cell) staining of control (C) and impacted (D) explants.
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MAGNETIC RESONANCE IMAGING SEMI-QUANTITATIVE SCORING
SYSTEM OF SYNOVITIS AFTER ANTERIOR CRUCIATE LIGAMENT TEARS
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Purpose: Anterior cruciate ligament (ACL) injuries can lead to devel-
opment of early osteoarthritis (OA) in the young and active, speciﬁcally
post-traumatic osteoarthritis (PTOA), despite surgical reconstruction.
While multiple biomechanical and molecular factors may contribute to
the development of PTOA, inﬂammation has garnered attention as a
possible contributor to the onset of joint degeneration. The current
standard imagingmethod to diagnose synovitis is contrast enhanced fat
suppressed MRI imaging. In this study, we propose a new semi-quan-
titative scoring system for synovitis that utilizes non-contrast MRI
sequences. The purpose of this study was to assess the feasibility of this
new scoring system and to note its characteristic ﬁndings on ACL
injured knees.
Methods: Bilateral knees of 48 patients (27 males; age 32.5 ± SD 8.4
years) with acute isolated ACL tears were scanned using a 3 Tesla MRI
scanner (GE Healthcare) with an 8-channel phased array knee coil
(Invivo) prior to surgical reconstruction. Patients were recruited within
six months of their injury (52 ± SD 25 days after injury). Imaging pro-
tocols included (1) high-resolution 3D FSE (CUBE), TR/TE ¼ 1500/26.69ms, ﬁeld of view 16 cm, 384 x 384 matrix size, slice thickness 0.5 mm,
echo train length 32; and (2) sagittal T2 FSE with TR/TE ¼ 4000/(30-60)
ms, slice thickness of 1.5mm, spacing of 1.5mm, ﬁeld of view 16 cm, 512
x 512 matrix size and echo train length 9. For the T2 FSE sequence, the
patients were scanned in the extended and ﬂexed (~30) positions with
25% body weight applied axially. The images were analyzed by 3
musculoskeletal radiologists, and Whole Organ Magnetic Resonance
Imaging Scores (WORMS) were recorded for each kneeMRI. For the new
synovitis scoring system, four radiological parameters of synovitis were
used: Hoffa Synovitis (HS), Joint Effusion (JE), Synovial Thickening (ST),
and Synovial Proliferation (SP). HS was assessed with hyperintensity
seen in Hoffa's fat pad in the sagittal CUBE sequence. JE was scored by
measuring the thickness of ﬂuid accumulation in the suprapatellar
recess on the mid-sagittal CUBE sequence. ST was scored by the thick-
ness of the synovial membrane at the suprapatellar recess in the T2 FSE
sequence. SP was assessed by evaluating synovial bands and irregu-
larities seen in the suprapatellar synovial membrane in the CUBE and
the T2 FSE sequences (Table 1 and Image 1). Inter-rater agreement was
measured by Cohen's kappa between two musculoskeletal radiologists.
Multivariate linear regression was used to assess the association of the
synovitis score with the WORMS, with age BMI, and days from injury as
covariates. To investigate differences between low and high synovial
scores with respect to the WORMS grades, adjusted least square means
of the outcome measures were tested with Student's t-test.
Results: Cohen's kappa scores were 0.819, 0.946, 0.833, 0.846 for HS, JE,
ST, and SP respectively in 29 scans, randomly selected from the original
48 for reliability. Table 2 shows the prevalence of each scoring. Days
from injury correlated negatively with JE (p¼0.0402). There were sig-
niﬁcant difference in theWORMS ligament score between high and low
SP scores (p¼0.0454), and in the WORMS effusion score between high
and low HS scores (0.0043), with positive correlation. No correlations
were found between synovitis grades and the total WORMS, different
grades of cartilage, bone marrow, and menisci.
Conclusions: The new synovitis scoring system using non-contrast MRI
sequence, which showed good inter-rater reliability across all four
parameters, is a promising system for quantifying the extent of syno-
vitis in a knee joint. A high prevalence of synovitis related ﬁndings was
found in this cohort of patients with subacute ACL tears in this scoring
and WORMS. However, a negative correlation between the Joint Effu-
sion component and days from injury indicates a decline of the
inﬂammatory response with time. In this subacute phase, the synovitis
measured is more likely related to a reparative response. Whether these
early ﬁndings are related to possible chronic inﬂammation with long
term follow up and contribute to joint degeneration on the long run has
to be investigated with a longitudinal study with comparisons with
normal knees.
Funding: NIH/NIAMS P50 AR060752 grant.
Table 1
Details of the new synovitis scoring system.
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EFFECTS OF TISSUE CALCIFICATION DURING OSTEOARTHRITIS ON
EXTRACELLULAR MATRIX AND CARTILAGE STIFFNESS
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Purpose: In a previous study we showed that osteoarthritic changes of
human articular cartilage are accompanied by tissue calciﬁcation,
which correlates with disease severity. During this pathological process,
chondrocytes undergo phenotypic changes from a resting state towards
hypertrophy, recapitulating endochondral ossiﬁcation. Here, we inves-
tigated, if the calciﬁed osteoarthritic tissue exhibits altered bio-
mechanical properties compared to the non calciﬁed osteoarthritic
samples, which might contribute to disease severity.
Methods: Formalin-ﬁxed, parafﬁn-embedded sections of human artic-
ular knee cartilage from eight different donors with variable grades of
osteoarthritis (ranging from OARSI grade 0-6) and varying grades of
calciﬁcation (0-2%of total articular cartilage)wereanalyzedviahistology
and immunohistochemistry. Total calciﬁcationwasmeasured via digital-
contact radiography (DCR) todetectmacro-calciﬁcation,whereasmicro-
calciﬁcation was evaluated via von-Kossa staining. Alcian blue (pH1.0)/
PAS staining was performed to visualize the negatively charged pro-
teoglycan content and antibodies against certain subspecies of chon-
droitin sulfate disaccharide units (DC0S, DC4S and DC6S, respectively)
were used to further analyze alterations of the glycosaminoglycan
chains. In addition, unﬁxed cartilage samples were examined for their
compressive stiffness using atomic force microscopy and the results
were correlated with disease state and grade of calciﬁcation.
Results: With increasing disease severity, but without signs of calciﬁ-
cation, the negative charge of the tissue decreases, as indicated by a
decreased Alcian blue staining. Intriguingly, we found an enhanced
Alcian blue staining in samples, if osteoarthritic changes were accom-
panied by calciﬁcation of the matrix. Therefore, we investigated the
sulfation pattern of proteoglycans. In all samples, no staining for DC0S
was detectable, regardless of disease state and grade of calciﬁcation.1 The ﬁrst two authors contributed equally to this work.Articular cartilage without calciﬁcation and no signs of osteoarthritis
showed a homogenous staining for DC4S within the superﬁcial layer
and the upper part of the middle zone, but no staining in the deeper
parts of the tissue, whereas almost no staining for DC6S could be
observed. Upon increasing disease severity (OARSI 2) but without
calciﬁcation, DC4S staining showed no striking differences compared to
OARSI grade 0 tissue, but a slight increase in DC6S staining was visible.
These samples showed a decrease in mean compressive stiffness (down
to 60 kPa) compared to non calciﬁed OARSI grade 0 tissue (100 kPa). In
osteoarthritic samples (OARSI 2) accompanied by increasing tissue
calciﬁcation, the staining for DC4S increased and also extended into the
deeper cartilage zones, together with a distinct increase in DC6S
staining. Interestingly, the compressive stiffness in these samples was
much higher (up to 190 kPa) compared to the non-calciﬁed osteo-
arthritic cartilage samples or the control cartilage.
Conclusions: We could conﬁrm in this study, that due to enhanced
catabolic processes and the resulting matrix degradation during osteo-
arthritis, the compressive stiffness of osteoarthritic tissue decreases
with increasing disease severity. Interestingly, osteoarthritic tissue with
increasing calciﬁcation exhibits increased compressive stiffness and
increased extracellular matrix sulfation. If the increase in compressive
stiffness is a direct consequence of calciﬁcation or an indirect, because of
enhanced sulfation of the tissue, has to be further investigated.
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A REFERENCE DATABASE OF CARTILAGE T2 VALUES IN KNEES
WITHOUT CARTILAGE DEGENERATION, AND DIFFERENCES IN
CARTILAGE T2 BY DEMOGRAPHICS: DATA FROM THE
OSTEOARTHRITIS INITIATIVE
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Purpose: The purpose of this study was 1) to establish a gender- and
BMI-speciﬁc reference database of cartilage T2 values, and 2) to assess
the associations between cartilage T2 values and gender, BMI and age in
kneeswithout radiographic Osteoarthritis (OA) (Kellgren-Lawrence (KL)
0/1) and without morphological evidence of degeneration on 3T MRI.
Methods: 481 subjects between the ages of 45-65 years with KL 0/1 at
baseline in the study kneewere selected from theOsteoarthritis Initiative
database. Baseline morphologic cartilage MRI readings whole-organ
magnetic resonance imaging scores (WORMS) and T2 measurements
were performed in the medial femur, lateral femur, medial tibia, lateral
tibia, and patella compartments. We analyzed joint compartments with
WORMS cartilage scores of 0-1 and applied a logarithmic transformation
toobtain the5the95thpercentile values for cartilageT2. Linear regression
models were used to assess the relationship between (1) cartilage T2 and
age (adjusted for gender, BMI, WOMAC pain score, and clinical site), (2)
cartilage T2 and gender (adjusted for age, BMI, WOMAC pain score, and
clinical site), and (3) cartilage T2 and BMI (adjusted for age, gender,
WOMAC pain score, and clinical site) after log transformation.
Results:Within each compartment, there was substantial T2 variability
among subjects (~10ms range between the 5th and 95th percentiles)
(Table 1). Overall, a positive association between cartilage T2 and both
age and BMI was observed (Table 1, Fig. 1). The association between age
and T2 was most pronounced in the medial femur (1.40% increase in
median T2/10 years, p¼0.050,) and the patella (3.27% increase inmedian
T2/10 years, p¼0.009) (Fig. 1). A positive association between BMI and
cartilage T2 was evident in all cartilage compartments and was most
pronounced in the lateral tibia (5.33% increase in median T2/5 kg/m2
increase in BMI, p<0.0001). Obese subjects (BMI¼30-45 kg/m2) had
signiﬁcantly higher (p<0.02) mean T2 values than subjects with a “nor-
mal” BMI” (BMI¼18-24.9 kg/m2) and subjects that were “overweight”
(BMI¼25-29.9 kg/m2) in the lateral tibia, medial femur, and medial tibia
compartments.When investigating the association between gender and
cartilage T2, we observed that females had slightly higher cartilage T2
values than males in a majority of compartments; however, the differ-
ences were only signiﬁcant in the medial femur (p<0.0001) (Table 1).
Conclusions: This study established the ﬁrst reference database of
cartilage T2 values in a large sample of morphologically normal cartilage
plates in knees without radiographic OA. While higher BMI was most
signiﬁcantly associated with higher knee cartilage T2, we also observed
